INTRODUCTION
The endothelin (ET) system plays important roles in embryonic development. Targeted gene-inactivation studies have demonstrated that disruption of the ET-1 or ET A receptor gene causes malformations in craniofacial structure and heart, indicating that the ET-1\ET A receptor pathway is essential for development of tissues derived from cephalic and cardiac neural crest cells [1] [2] [3] .
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ET-3 and ET B receptor knockout mice exhibit spotted coat colour and megacolon resulting from the absence of epidermal melanocytes and enteric neurons, illustrating the importance of the ET-3\ET B receptor pathway in the development of tissues derived from vagal and trunk neural crest cells [4, 5] . Despite definitive demonstrations of the crucial role of the ET system in early development, little is known about the importance of the ET system during the perinatal period, including the late embryonic and early neonatal stages. Our recent study of the gene expression of vasoactive intestinal contractor (VIC), the mouse and rat counterpart of human ET-2 [6] , in mouse embryo showed that gene expression is much higher in late embryonic stages than in early stages [7] . Additionally, we reported changes of ET-1 and VIC gene expression levels in embryo and neonate during the perinatal period [8] . These findings indicate the likelihood of important functions for these peptides during the late embryonic and early neonatal period.
In this study we focus on the developmental significance of the ET-1 and VIC peptides in each organ during the perinatal period, and examine the gene expression patterns of ET-1 and VIC, comparing them with those in adults using quantitative real-time PCR.
METHODS

Preparation of tissues
Slc : ICR mice were obtained from Japan Clea (Tokyo, Japan). Adult male and female mice were mated, and the day of the vaginal plug was designated as day 0 of pregnancy. Embryos from the pregnant mice at days 14 and 17 pregnancy (E-14 and -17), neonates at days 0, 1, 3 and 7 after birth (N-0, -1, -3 and -7), and adult mice (10 weeks old) were used to obtain brain, heart, lung, liver, kidney and intestine. Neonates at hours 0 (immediately after birth), 0.5, 1, 3, 6, 12, 18 and 24 after birth were also used for collection of lung tissue. Our experimental procedures were in accordance with the Guidelines on Handling of Laboratory Animals for our institution.
Real-time PCR
We carried out the estimation of gene expression levels of ET-1 and VIC by real-time PCR largely as described in our previous report [9] . Oligonucleotide primers specific for the amplification of mouse ET-1 (sense, 5h-TTCCCGTGATCTTCTCTCTGCT-3h; antisense, 5h-TCTGCTTGGCAGAAATTCCA-3h), VIC (sense, 5h-CTGCGTTTTCGTCGTTGCT-3h; antisense, 5h-TGC-AGCTCATGGTGTTATCTCTTC-3h), and (glyceraldehyde-3-phosphate dehydrogenase (GAPDH) sense, 5h-CTTCACCACCATGGAGAAGGC-3h; antisense, 5h-GGCATGGACTGTGGTCATGAG-3h) were designed. The detection probes (TaqMan Probe, PE Applied Biosystem, Foster City, CA, U.S.A.) for ET-1 (FAM-ACAAGGAGTGTGTCTACTTCTGCCAC-CTGG-TAMRA), VIC (FAM-CTGCAACTCCTGG-CTTGACAAGGAA-TAMRA), and GAPDH (FAM-CCTGGCCAAGGTCATCCATGACAACTTT-TAMRA) were also designed. Amplification was carried out using the TaqMan PCR kit (PE Applied Biosystems, Foster City, U.S.A.). All reactions were performed in the Model 7700 Sequence Detector (PE Applied Biosystems, Foster City, U.S.A.). Reaction conditions were 95 mC for 10 min followed by 40 cycles of the amplification step (95 mC for 20 s and 62 mC for 2 min). Mouse partial cDNAs of ET-1, VIC and GAPDH, which are cloned into pCR-script SKj plasmid, were used as quantitative standards. The gene expression levels of ET-1 and VIC are represented as gene expression rates normalized by those of GAPDH as reported previously [8] [9] [10] [11] . Briefly, ET-1, VIC and GAPDH cDNA levels were estimated using standard curves obtained by amplification of standard cDNAs. Gene expression rates were calculated using the formula :
(ET-1 or VIC cDNA level\GAPDH cDNA level) i100
RESULTS
The gene expression rates for ET-1 in organs from embryo, neonate and adult are shown in Figure 1 . The levels of ET-1 gene expression remained almost constant Brain, heart, lung, liver, kidney and intestine were obtained from embryos at days 14 and 17 of pregnancy (E-14 and -17), neonates at days 0, 1, 3 and 7 after birth (N-0, -1, -3 and -7) and adult mice (A). Quantitative RT-PCR was carried out using RNA samples extracted from three individual embryos, neonates, or adults (n l 3). Brain, heart, lung, liver, kidney and intestine were obtained from embryos at days 14 and 17 of pregnancy (E-14 and -17), neonates at days 0, 1, 3 and 7 after birth (N-0, -1, -3 and -7) and adult mice (A). Quantitative RT-PCR was carried out using RNA samples extracted from three individual embryos, neonates, or adults (n l 3).
between 0.1 and 1 in brain and heart, and between 0.01 and 0.1 in liver and in kidney. In lung, the expression levels were one to two orders of magnitude higher than in other organs. The expression pattern showed a sharp increase between E-14 and N-0 (approximately 10-fold) and thereafter remained constant into adulthood; a small peak was observed at N-0. The intestinal levels were around 0.1 with a one-step increase between E-17 and N-0. The VIC gene expression rates are shown in Figure 2 . Low expression was observed in brain, heart, lung, liver and kidney, remaining almost constant between 0.001 and 0.1 throughout the period examined. In contrast, in intestine VIC showed a progressive increase between E-14 and N-1 and then remained constant into adulthood at levels approximately two to three orders of magnitude greater than in other organs. Pulmonary gene expression of VIC showed a peak at N-0 similar to that of ET-1, although the expression level of VIC was two to three orders of magnitude lower than the level of ET-1. It is notable that significant increases in ET-1 and VIC mRNA levels were observed in both lung and intestine. Lung was obtained from neonates at hours 0 (immediately after birth), 0.5, 1, 3, 6, 12, 18 and 24 after birth. Quantitative RT-PCR was carried out using RNA samples extracted from three individual neonates (n l 3). Figure 3 shows the gene expression rates of ET-1 and VIC in lung, focusing on the 24-h period following birth. Expression of both genes during this interval revealed similar patterns, with a sharp increase and subsequent gradual decrease within hours after birth.
DISCUSSION
It has been reported that the VIC gene is highly expressed in adult mouse intestine [8, 12, 13] . In this study we also observed a high expression in neonatal intestine ( Figure  2 ). The detailed role of VIC peptide in intestine has not yet been defined clearly. However the present finding that soon after birth (N-1) the gene expression of intestinal VIC nearly reaches the level of expression observed in the adult suggests that VIC is involved in some intestinal function that is important after birth, for example, the absorption of nutrients. A histological study showed that mouse intestinal villi, important for the absorption of nutrients, are formed in the late embryonic stage, after E-14 (results not shown). Interestingly, VIC gene expression increased in accordance with the progression of villous formation. With these findings, we propose that VIC could play a crucial role in intestinal absorptive action through villous formation before birth and villous maintenance after birth. The ET-1 gene expression pattern in intestine, which shows an increase immediately after birth and remains constant thereafter (Figure 1) , is similar to that of VIC. ET-1 could play a similar role co-operatively with VIC in the intestine. These hypotheses are further supported by the fact that both the ET-1 and VIC genes express in intestinal amina propria cells, which are important for villous formation and function [14] . In lung we noticed a sharp and temporary increase in ET-1 mRNA level immediately after birth (Figure 2 ). In the immediate postnatal period a drastic functional change occurs in lung with a transition to pulmonary gas exchange. In fact, it is suggested that ET-1 participates in this functional change by altering pulmonary circulation through the regulation of vascular tone [15, 16] . Our observation of a peak in ET-1 gene expression at N-0 supports the idea of ET-1 involvement in the alteration of pulmonary function immediately after birth. The gene expression pattern of VIC was almost the same as that of ET-1, with a peak at N-0, although the expression level of VIC was two to three orders of magnitude lower than the level of ET-1. This suggests a similar, but lesser, role for VIC in the lung. Furthermore, it is possible that both genes may be regulated principally by a similar mechanism in lung. To assess this hypothesis, we performed a more detailed gene expression analysis, focusing on the period 24 h after birth ( Figure 3 ). We believe that the similarity of the gene expression patterns for both genes during this period, particularly the observation of a sharp increase immediately after birth (within 3 to 6 h), supports this theory. Unlike the case for intestine and lung, the gene expression patterns for ET-1 and VIC remained nearly constant in brain, heart, liver and kidney throughout the period examined. This shows that the genes are differently regulated in intestine and lung versus other organs. Considering that lung and intestine undergo the most drastic changes of all the organs in function (the beginning of respiration and the absorption of nutrients) for adaptation to extrauterine life, gene regulation should follow closely with organ function.
In conclusion, our study demonstrates a significant change in ET-1 and VIC gene expression, with an increase occurring around the time of birth in intestine and lung. This suggests that these peptides may be involved in the manifestation of intestinal and pulmonary functions essential for extra-uterine life in the perinatal period and the subsequent maintenance of these functions.
